02/08/2007 15:44 FAI 415 8362501 



DLA PIPER US LLP 



il02$ 



Inventor Ramesh, et aL 



Serial No.: 

FUii^ Date: 
Fan 



10/743,813 
December 24, 2003 



^^^'^WL FAX CENTER 



IN THE UNITED STATES PATENT AM) TRADEMARK OFFICE 



DoclcetNo. 



Confbiuaiioii No.; 
Art Unit 

M£THaDSANl>REA<^S?OR.THE BxaaiineK 
Enhancbmbnt Of Vi ws 

'ntANSDUGTlGNtiN Tl^ BUVOER 
EmHELlUM 



3802-068-27 QP 
(306229-6^ 

1728 

1635 



Mail Stop AmendmEnt 
Commissioner for Patents 
P.O.Box 1450 
Alexandria, VA 22313-1450 



Dear Sir: 
DDAVID 



A 



I^AVID FKEY, bdng duly 



<lep6se and state; 



1. I uzuferstand that the Patent Apj licafion was filed on December 24, 2003, ^th the IMted 
States Patent & Tiademaiic Office by (Piper Rndaick LLP, and tiras accorded ScriaJ No. 
10/743,813. 

2. N^garagan Ramesh, Bahram Me maizadeh, DeChao Yu and I are co-rnvrotora of the abbve- 
idesntified patent appHciation, and fhc-: nvea^tors of the subject matter described and claimed 



thez^eiiL 



Associate Director and Diicctor, 
development projects relaxed to 
of downstream manufacturing proceslres, 



3. Thtou^out Ae time period fioiji March 16, 1998 to present, I have hdd the thles of 

I Development^ and have been supervising zeseareb and 
product fiannulatioo and administiation. as well as development 



3; In my role Cell Ocnesys Inc., 1 1 upervised and worked on a project directed to methods of 
treating the luminal surfece of the bk ider to enhance infection with an oncolytic virus. 



SANn\3tf4SBS.l 
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4.- Qae aspect of the project iva$ 
extlieE contactiiig the lumixial 9iu&ce 
atriMasdiictioii enhnnfrfns 
iviOi a coxnpositioa comprising an on^lytio 
bladder vdth a composition compzisii; g 
enbencuig ft g^t 



di tected to amthod ton Ireatijig caaoer of tbe bladder by 
I if the bladder ^ih a pretreatment oompo&idoxi comprising 
contacting liie luminal surface of fhe bladder 
viros or coiotacting 1]ie luminal surface of tte 
die Gombmcrdon of an oncolytic vims and a transductioii 



5. A large jxumber of detergents in duding standard agents such as polymer-based detergents 
(i,e, Twecns) and mono-, di-, or poly- saccharides having a lipophiKc sabsBtuent were tested to 
evalual&tfaeii efficacy as transductioi enhandng. agents. Tlie present ioveDtian is based Q^n die 
results of &ese studies. 



6. Tbe invmtiDn iclics on the tisc < if a disaccharidc, having a lipophilic substituent to enhance 
adenoviral transduction of the bladdeiepifheliim Tteinventian is also directed to inethod$ for 
ttanfidudng tbe bladder'^idielium as d for treating superficial cancer of fhe bladder derived ftom 
the bladder epifh el i u. m> based on preb eafment of tbe bladder ydih a transduction gnhanmng agent 
or by CO Bdministrsdon of an oncolytl c virus and a transducdoiL ^haru^n^ a^ent 

7. A rmmber of studies iwere peifb xned under my supervision to evaluate die use of 
conditionally replication-competent o ocolytic viruses for intisvesicular therapy of bladd^ 
cancer. The results indicated that a c ass of compounds is effective for pretrca t mcnt of the 
bladder uxothielium, permitting effidG dt adenoviral infection, by "pemeabilizii^" (not 
dissolving) a "mucous" membrane co nposed of tiie gjycosamxnoglycan (GAG) layer, v*ich is 
not a cell membiaDe. The data disdo sed'iii the subject patent ^iplicatioii are later published 



(Rameshet al., MoL Ther. 10{4):697- 



8. Ramesh el al.» demonstrate 
minutes into rat bladders, followed bjkSnfbctli 
transduction of tbe urothelial ceOl 



llay<r 



70S, 20D4, copy attacbed hereto as Exhibit A). 



that (mtravesicalar instiDation of 0.1%.DDM or SDS for 5 
oii with 1 0^^ VP, resulted in greater than 90% 
within IS minutes after viral eisposure. Bladd^ vyere 
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2004. 



(See, page 7Q2 of Raznesh &t al., Md. Ther. l0(4):697-705, 



9. Consistent with the expmmeau peribimed in our laboratory in support of fho present 
invention, Ramesh et atl. showed that when 1 0'^ VP wm cofonnualted ^rtXh 6A% DDM and 
retained in the bladder ftr 20 minutes^ 70-80% ttansduction resulted and when the mixtine was 
letained in tiie bladder &r45iQinute4 100%transduc1ionzesultied, whcaeivahjial^ 
after tteatmciiL 

1 0. The data is summarized in parair^ [0249] of tiie published patent applicatiott (US Patent 
Pub. Nq. 20040176318) vHnch states the followng: *TonnuIating Ad-pgal vims wife difTeitnt 
oonoeaatrations of Dodecyl-p-D-Maltc side resulted in a Imear Adenovhus transdticAion rate (0.1 
% > 0.05 %> 0.025 %). For the 20 n in. instillafion, 0. 1% DDM fommlateid with Ad-Pgal vims 
lesulted in about 80% gene expressia i in bladder, 0*05% DDM resulted in about 40 % 
gene esqjresslon. But with 45 min. in Jtillation, all animals with 0.05 % - 0.2 % DDM wth Ad- 
pgalvinashad 100% gene exprcssioi. in mice bladder, A lOmicu ixistiUationfbrthis 
formulation method^ however, did no : achieve an acceptable transduction rate. It was also found 
that gene transduction could be acbleyed widi a 1 0 min. virus insfillalion aftw DDM 
pretzedtmenti'* 



lustra e 



II. The results of dUs study iUi 
in effective tiansduetLon in a mouse 
transduction ^n h i*r'*jn £^ agent such 
DDM pretreatmeot, tibe time £bt virus 
(See» e.g,, pazagr^ [0250] US 



that DDM ean be formulated wiffa Ad-^gal virus resulting 
tt a d dfiir model and that Hie time fhe bladdear is exposed to a 
as. DDM win a£bct die ^ctent of tiaroduction and'diat 'Hvith z 
instillatiQncanbedeGZSBasedto 10min.fiom45inin.^^ 
No. 20040176318). 



PatjextPub. 



12, A table tompiising the transduction eCScacy of a large mmiber of compounds is fltfftfi;h ffd 
hereto as Exhibit B. A -i-m<traisdiction efficacy is descnl^ed in Ra^ 
corresponding to greater than 75% of die luminal urothelivm cells exMbitii^ beta galactosidase 
activity based on staining, A +++ tra; pduction efficacy is described in RameSh et al. as 
corresponding to 50 - 75% of the luminal urothelium cells exhibiting beta galactosidase activity 
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based mi Staining, A +i-transductiQz e£Qoacy is described in RaoiM 

25 - 50% of the luminal uratbdium c sDs ednbiting beta gdactosidase activity ba^ on staiiuiig. 

A transduction efficacy is describei 1 in lUmesh et al. as coirespmcfing to 1 0 - 2S% Of the 

I' 

luminal urothelium cells exhitnting b sta galactosidase activity based cm staining and a 0 
Transduction efficacy is described in : lamesh et al. as conespooding to 0 - 1 of 4ie luminal 
urufbclhan cells exhibiting beta galai tosidase activity based om staining. 

.. 

13. Consistent with ibe data in the i aslant application as ffled, all of fhc test campoimds wiudi 
facilitated a -<-i -l I transduction effica cy are dii^charides or sujfetes with an n-dodecyl (C12) 
side eham, with the exceptioa of (S-oj clohqsythexyl-beta-D-tnaltoside. 



14. All of the test coniponnds which 
disaccharides with a n-tridecyl (CI 3) 
dodeojl (CI 2) side chain. 



IS. AU of the test compounds-wUc x 
suIfiOBs with ahaiw an n-dec]^ (CIO] 



fecilirated a +++ or.-»-+ liansduction efficacy are 
or n-tetradecyl (CI4) side chain or a polytdier with an n- 



ffarilftBted a + trangAictf QT1 efficacy http rtT^jg^^haridftg or 
side chain. 



16. All of the coiiQ^ottnds vdiichftt ilitated a 0 transduction efficacy ate monosaccbarides with 
m nrdodegyl {C12) side chain, an n< ctyl (C8) ade ehaiii, or a phteyi (rQ ^nA^ cf^ ^^ ^- 
disacohaiides with an n-oc^rl (C8) si; le chain, sidfates with an n-octyl (C8) orn^tcwdecyl (C14) 
side chaii^ glycerol-based agents, TVi een 20, Tween 80 or PBS. 

17. A giapbic depiction of the disa( charide and suliate data is attadied hereto &s "EuMMt C 

1 8. I reviewed Conner et al, (Gene Fher^y 8:41-48, 2001^ which indicates that tbe authors 
tested the effect of various detergents on viral transg^e e^gjression uciing a repKcalion-deficient 
adenovirus contaijuog the beta gal go aeiWv^w in rats. He rats leceived iritravesicolar 
administration of rAd-beta gal iae-fbcnmlation containing 3.5 x 1.0^^ viral particles and various 
detergaits. Transgene expression wa ^ evaluated at 48 honra by a ^temiinati'nn -nf t 
escpression in the entire luminal suife :e of the bladder. The viral particle/detergeni.coir5)ositioti 
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vvas left in fte bl&dder for 45 unniites . 
scale of 0 to (+++), based on the 
48 hours post virus administratioii. 



parcsnt&gG 



19. It is my undeistandiiig that the 
teadung tiiat adenoviral Mecdon 

iirothelium ^th octyI-beta-I>'gIi]cop!;biafu^^ with leplication- 

Cornier et aL icdicaces the level of ob served vital transgena 
repficstionrdcficieijt adenovirus dilut^. 
Qoxrdate S0-7S9i transgeaie 
concBirtration of octyl-he1ia-D-gIiicopkTanosid& is 
indioalBS that' viral srtability was not determined. 



20. If I relied on ^at I learned 
monosaccbandes with C8 side chains 
Conner et al^ in oxd^ to enhance 



Leveb of viral gene expce$sioi& ^weie chataeterized on a 
of the w)thelium esdiibhing beta gal. repression at 



: ^atent OfSce relies on ComiBr et b1. (Table I;paga42)Bs 
of 1 he nzofheliuni could be inxpioved by tie^tuiont of 1lie 

deSdem adenovirus, 
e^fpiiession iipon infection with 
in octyl-beta-D-^ikiqpyranoside was (4-h)> indteatod to 
9ion ov^ the liunirtal surface of the bladder. Hie 

not disclosed in Conner et al«, and the table 



reading Conner et dl.» I "Wuld h^ve. tested 
, 6.g.^ octyl^beta-D-i^ucppyranoside, .shown in Table 1 of 
trailsduction of Hn^ Uadder qgtfadhpm^ 



21. Contraiy to the result^ presented in Conner et aL, when alkyi monosaccharides or 
conipounds with C8 side! chains weie tested in oiu* laboratory as 
enhaneing agents, no tEansduction ws s observed. 



22. In oonliast, when disactharide t ttd 
of 12 carbons weK tested inour ]abo atory, 



23. Conner etaL do not describe 
cottcemzatiQn of detergent in ^ rAd 
puUicadon. Similarly, Conner etal, 



24. The current invention is based 
eohe^clng agents and tbe enhanced 
bladder is pretzeated with the 



enhandag 



SANFl\364$ft5.] 



sulfate ^[ansduotiotL enhanrjng agtets witfi a side chain 
; transduction was observed at the 4+h- levd. 



of the bladder pxioT to eoqiosine to virus or ttie 
beta gal/detergent fi3!EmuIa:dons desoribed in the 
does not describe repUcation competent virus. 



dn tile utiliiy and efGcacy of a group of bladder transduction 
epcacy of transduction with an oncolytic virus when the 
agent. 



Page 5 of? 



PA(X 32»S'RCVDAT2/8/2007 6:35:22 PM [Eastern Stand^^ 



02/08/2007 15:46 FAX 415 8362501 



DLA PIPER US LLP 



25 . BdcKT to tbe preseait mveDfioa tb i efficacy of HiMgn>iaT<rfi* ^ sulj^ transdoetioii 
enhancing agents with a side chain oy 12 oi more caAqnsiWB not known in tiie art 



26. The instant patent ^iplicalioa 
epithelium fot use in treating supeifi({ial 
eTcempUficd by pretFeairoent of -the Inbunal 
agent (such as described above) and 
uroliielium-specific promoter such tfa^ 
example a ^ecific reeomhinant 

tocomo 

efitctive in tronsdU'ction of cells of tfale 



dpiscdbes fi method for transduction of cells of the bladder 
bladder cancer derived from &e bladder epifbeliun^ 
SUr&ce qf the blad4^ wxdi a transduction mhan^g 
replication ccmpetett oncolytic virus con^iising a 
cells ofthebkdder epithelium are tratisdoced. Bywayof 
adcnjivirDs, CG8840, is <}cscribed. He invention is not limited 
and replication competfen^ oncolytic viruses with dififerent promoters are also 

bladder ^thelium. 



27. Ai2a-1 004 is a replication compe tent ad«ovfarus modified to eagross the murine cytokme 
granulocyte macrophage colony stim: riatory fector (GM-CSF), M At20-1004 the adenoviral Ela 
promote ofwild^T»adeaovinis is r placed with the human E2F Whenra 
bl&ddezs were ptetcieated with a trans ipctioli enhancing agait, dodecyl maltoside (DDM). prior 
to transduction ^tli Ai20.1 004, llie 1 ?vel of GM-CSF detected in rst urine over 1 8 times the 
amount detected when bladderawwq pot pre^^ See Exhibit 



28. Ar20^I004 has been shown to 
extent of transduction of the bladder ^thdhrm by Ar20-1004 
the luBuoal soi&ee of ^ bladder is 
by dodecyl maltoside^ a disaccfaaride 



29. Given Ihe success of preclinical 
Ramcsb et al., CliiL Cmicer Res. 200Q, 
I human clinical ^tudy was initja'ted. 
In the dinzcal i»ndto^I, iho bladders 
to transduction with CG0070^ a 
human instead of rat GM-CSF. Pacietits 



iflbctively transduce cells of the bladder epithelium. Hie 
is aignificantly enhanced when 
I i^etreated with a transduction enhancing agent; -eiirempHfied 
ivithaCI2sidechauL 



studies with Ai20-1004 and CG0Q70 (as summarized in 
12(1) 305 (copy ^vided herewith as Eadublt EX a phase 



all patients were pretreated with dodecyl mAoside, prior 
virus [which only diffes from Ar20-1004 in ftat it produces 
were assessed for adverse events and laboratory 
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measures of toxicity, Cystoscopic 
revealed ioflamination zpd tumor 
xvas rcpoitcd in a patient with Ta TC^ 
efBcacy of the claimed transduetion 
with two oncolytic adenoviruses whi^ 



ex tminflt i on of 3 patients day 8 after treatmeittwitb 10^^^ 



legression. 



A complete response at week 12+ after treatznezit 
treated witii I0"vp. The results provide stippoit for 
^nhancing agents in ttansduction of the bladder epiflielium 
diffo in structure and mode of jnfectivit^ 



I hcicby declare ihat all stateac aeirts made herem of toy own bioTidedge are toe and that 
all statements made on information a id bdicf are believed to be tnac; and fiarthet ftat these 
stalranents were made vdth the know edge ' that willfiil false s&tmieixts and the lOoe so made ai6 
punishable by fine or imprisonment, jt bo4, under Section 1 001 of Title 18 of the United States 
Code and that such wiUfiil &lse slate nents may jeopawflze the validhy of the anilkation or any 
parent issued thereon. 



Signed at. 



JJt DAVIDFREY — — ^ 



STATE OF. 



COXJNTYOF ^ \hk<Jb : . 

B efoie me^ a Notaiy PabUc Sw said < tounty . personally ^ypi^x^A^ FRB Y, knoym to me to 
bethftpeirson^ emsnfiedAefiro^jingafiaavitaad 



Witness my hand and seal this. 



SANFm64sail 



.day of 
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MyCetfWi- Bipfco t A pr 7, aOlOT 



PAGE 34/55 * RCVD AT 2«f2007 6:35:22 PM [Eastern Slw^^ 



02/08/2007 15:47 FAI 415 8362501 
doino.l 01 6/l.vmihe.2004,07.002 



DLA PIPER US LLP 



1)035 



Identification of Pretreatment Agents to Enhance 
Adenovirus Infection of Bladder Epithelium 

Nagarajan Ramesb/ Bahram Memarzadeh, Ying Ce, David Frey, Melinda VanRoey, 

Virginia Rojas, and De-Chao Yu 

Call C^ruxys, Inc., 500 Forhis Bouftvprrf, South Sen Pr0iu:iSCO, CA 94080, USA 

To whom aamponA:nct and reprint requetts should be addrans^. Fax: (SSO) 266 2080. 
Available online 13 August 2004 

Adenovirus has been used widely a; n gene transfer vector in the bboratory and crinlc for the 
purpose of gene therapy. Condltronally replication-competent oncolytic adenov1r\tses are capable 
of multiplying up to a thousand fold In target cells, a property that might prove to be of 
tremendous potential in the area of cancer therapy. Intraveslcular therapy of refractory superficial 
bladder cancer employing an oncolytic adenovirus would allow for local administration and 
efficient delivery of virus to bladder tumor The glycosaminoglycan layer on the surface of the 
bladder urothellum acts as a nonspecific antladherence barrier and may be a srgnmcant roadblock 
to efficient Infection of the urothelium by adenoviruses. Several laboratories have Investigated the 
potential utility of bladder pretreatment with chemical agents to enhance the adenovirus Infection 
of bladder urothetixim but with limited success. A class of compounds has been Identified that Is 
effective for pretreatment of urothellum, permitting efficient adenoviral Infection. In a murine 
model, pretreatment of the bladder with 0.1% dodecyl-(3-D-malTosIde (DDM) or sodium dodecyl 
sulfate (SDS) for 5 min resulted in >90% transduction of the urtJthellaJ layer within 15 min after 
exposure to a replication-defective adenovirus compared to £5% transduction in untreated 
bladders. DDM coufd be coformulated with adenovirus, and complete transduction of the 
urothellum was achieved following retention of the admixture In the bladder for 45 min. A similar 
enhancement of adenoviral infection following pretreatment of bladder with DDM and SDS Was 
observed in a rat model. The use of these compounds may facilitate the development of 
adenovlnis-based therapy for bladder cancer. 

Keywords: bladder; pretreatment; adenovirus; glycosamlnoglycan; tight Junction 



INTRODUCTION 

Bladder cancer Is the fourtli most comjnon malignancy 
in males in the United States and Europe, and tocal 
recuiience after standard therapy is common [IJ. 
Despite aggressive local therapy, approximately 25- 
30% of patients Viho present with superficial bladder 
tumors will progress into rauscle-lnvasive disease [2-4). 
It is essential that novel therapies be developed th^Jt 
could interfere with the progression of superficial 
tumors into the more Invasive phenotype and, if 
possible, completely eradicate the tumors. 

Adenoviral vectors have been extensively used as gene 
transfer vectors for gene therapy in both experimental 
and clinical settings [S-9], The use of conditionally 
replication-competent oncolytic viruses in the treatment 
of a variety of cancers is being explored [10-12]. A 
unoplakln n-posiUve bladder tumor-specific oncolytic 



adenovirus (CG8840) has been developed for the treat- 
ment of transitional ceil carcinoma [13]. Intravesical 
instillation permits local administration and efficient 
delivery of the oncolytic virus to the tumor with minimal 
systemic exposure. For successful treatment of bladder 
cancer, efficient infection of a large percentage of the 
urothelial surface must be achieved so that subsequent 
replication and spread of the virus could eradicate tumor 
tissue. The apical membrane of the urothelium along with 
the urothelial plaques and tight functions is believed to 
serve as one of the tightest and most tmpermeable barriers 
in the body [14-17). Further, the polyanionic glycosaral- 
noglycan (GAG) layer overlying the urothelium acts as an 
additional barrier, thus preventing adherence of infec- 
tious agents to the luminal urothelium [1&-21J. Use of 
reagents that would remove or attenuate the function of 
the GAG layer would allow access of adenovirus to the 



697 



MouscutAK Therapy vqi. lo, no. ^ October aow 
CopyriQhi o The American Soeteiv of Gena rhoraoy 

isas^«/s30.oo 



EXHIBIT A 



PAGE 35/5S'RCVDAT2/Si2007 6:35:22 PM [Eastern Sta^^^ 



02/08/2007 15:48 FAX 415 8362501 



DLA PIPER US LLP 



@036 



dokl 0.1 01 6/|.ynnq^«.ZQQ4.Q7.QQ2 



TABLE 1: Enhancemeni of adenoviral transduction 



Pretrentmcnt agent Twnsdurtlon efficacy 

AlkyJ di«accharldGs" 

f7-Dodecy!-0-D-mqltoside (012)" 
/r-Dodecyl-a-D-maltoslda (Ci:2) 
Sucrose mono[aurate (CI 2) 
6-Cyclohftxylhexyl-p-D-maltosIde (Ci 2) 



+ 



n-Trldecyi-^-D-maftoside (CI 3) 
rf-Tetradecyl-p-D-maitoside (CI 4) 
n-Decyl-|5*D-maJtcisrdB (CIO) 

«-Qctyl-ja-D-maJtojlde (C6) I 
Aikyr sulfates (ianic alkyl)" 

Sodlutn dodecy* sulfate (Ciz) 
Sodium decyl sulfate (CIO) 

Sodium ocfcyl sulfate (C8) q 
Sodium tetradecyl sulfate (CI 4) ^ 
Sodium dodecyi benzene wrtonlc add (Cl 2) j. 
AlkyI (ether) alcohol 

Polldocanol ^ 
Polymeric Hirffactanta 

Triton X'lOO 
Pdoxdmers F68^ PI 27 
Tween 20, Tween fio 
Alcohols 

0,1-3% Benzyl alcohol 
10*30% Ethanol 
Mixed ttgents 

OOTAP + cholesterol (hi vho gene shuttle) 
0,1-0.2% Ch!orpai;tin WCS>$0 (oxychlOfOSCne) 



0 
0 



y;!l^.'?r2 ^^J""^ "f"^""^ ' flpllfiillom bf . r.pi»atiDiv4ncORipmAC rdmav!r« (Ad^g^lJ Meowing » short pn:lrwlmeni wflh 

■n» number of wtiOfi chdnj In ihc mnpound is indicated \n pflrei-tlheaes. 



urothelial cell surface. Pretreatment of bladder with 
compounds such as ethanol, acetone, and HQ have led 
to some enhancement in infection of the urothclium by 
pox and adenovinis when used only at high concentra- 
tions that often result in significant iiiitation to the 
urothelium [19,20,22,23]. 



rn the current study, we have Investigated the use 
of several chemical compounds wfth specific struc- 
tural features to overcome the permeability barrier 
unposed by GAG, which would permit efficient 
access for the virus to the urothelium, including 
the tumor cells. 



^J^^ nT^R^!!^^ ^^^^M prctreaimeni In the l^addcrr of femaJe mcz. CA^) Bladdery wen: pnjtreated with 0.1% 

^rh «^ r / I'T^uflfll*''"''"^ '^'^""'^ '"^ ^^^'^'^^ ^'^^ repreiencauvc whole bidders from a single animal tailed 

In each 9^0MP (n = 6 per group). (E-H) Bladders were haivested, fjxcd, and stained with J^-gal as described under Materials and Methods, MiaoswolS 
examination oT (he bladder inow«l that l^alacto^due expression was COnffned Co the urothehum. (Original magrMfJcetlon: 2ot.) M'^^coplc 

FIG, 2 Enhancement of urothellaf transduction by SDS prcircacment In th« bladders of female mfCe. (A-Q Bladderj were prctreated with 0.1% SDS and the 
^d-catcd concentration o thevlrus a, de^bcd under Materia, and Methods. Depicted ere /epr«en^'whole bladders hem a single anlmart^te^^^^ 

Diawer showed that f^splactosldase expne;;sion was confined to the urorhelium. (Qiiglnfll magnfflcatlon; j 

th^'i^di™?rrf^^^ transduction by DOM prelreatmcnt In the bladder, of female mice. <A^, H) Bladders were pretr«.«d wiU, 0.1 % DDM *.nd 

loci?.? ^^TZ J^ ""l f d^bc6 under MareHa|$ and Methods (precr^almenl agent/virus volume: A^C 100 H, 50 nl) Depicted are 

under Mat<rl*i^s and MelhodJ. CD-C) HijiologlcaJ examinadon of d^e bladder showed that fV-galactosidasB expression wa, confined to the umbreWa cells of 
urothelium wiih no expression ob«fvcd in lamina prppHa. (Original magnifiaUon: D-F. 20x; c, 40«.) 
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Pretrfrgtment With 0.1% Oxychlorosene wash only 




FIC. 1. 

Pretreaiment with 0.1% SD$ 




Frc. 2. 

„ ' , Pretreatmentwitfi 04% DDM' 




1X10* vp 

FIC. 3. 
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Results 

We investigateci several loaic and nonlonic organic 
surfactants for their potential to remove or attenuate 
the barrier function of the GAG layer (TabJe 1). 
Pretreatment of The bladder with several of the coid- 
pounds for a short duration (5 min) permitted com- 
plete transduction of the superficial layer of the 
urotheiiuin by adenovirus, whereas others were much 
less ef/ective. Details of the most effective compoxinds 
for enhancing adenovirus Infection of bladder uiothe- 
lium are presented below. 

Sodium Oxychiorosene 

A 5-mjn prttreatment of the bladder with 0-1 to 0.2% 
oxychlorosene followed by infection with adenovirus 
(10^^ vp) resulted in complete transduction of the 
bladder epithelmm (Fig. 1). The degree of transduction 
of the urothelium was significantly lower when Viral 
concentration was decreased to 10^ vp (Ffg. 1), and we 
saw lot-to-Jot inconsistency in the degree of trans- 
duction. Microscopic evaluation of the urothelium in 
bladder sections pretreated with 0.1% oxychlorosene 
revealed normal morphology. Longer pretreatment or 
treatment with higher concentrations of oxychlorosene 
resulted in significant submucosal edema, infiltration 
of neutrophils with mucosal erosion, and/or ulceration 
(data not shown), indicating significant potential for 
irritation. In addition, in vitro compatibility studies 
showed that adenovirus was incompatible with oxy- 
chlorosene, suggesting that residual oxychlorosene 
remaining in the bladder after pretreatment could 
potentially decrease the transduction of the urothelium 
rrable 2). Extensive washes with PBS after pretreatment 
or the use of a reducing agent wash, such as sodium 
metabisujfite, did not improve the consistency of 
transduction {data not shown}. 

Sodiam Alkyl Sulfate Compounds 

Pretreatment of the bladder with several of the alkyl 

sulfate compounds resulted in a significant enhance- 



ment in the degree of adenovirus infection of the 
urothelium frable 1). For example, a 5-min pretreat- 
ment of the bladder with 0.1% SD5 resulted in complete 
transduction of the bladder urothelium using lO" vp of 
adenovirus and a 15-mln incubation (Fig. 2), ^th no 
visible histopathologlcal changes suggestive of irritation. 
Complete transduction of the urothelial layer was also 
achieved at adenoviral doses as low as 10* vp retained in 
the bladder for 15 min. However, in vitro compatibility 
studies showed that vims integrity was significantly 
a^ected when coformulated with ^0.02% 5DS and held 
for 1 h at 25°C (data not shown). Tlie virus lost its 
infectivity as assessed by plaque assay (Table 2). These 
findings suggest that SDS is not an optimal pretreatment 
agent since it was found to be difficult to wash SD5 
completely from the bladder prior to the instillation of 
the adenovirus. Use of the alkyl sulfates containing C8, 
ClO, or C14 chains did not result in significant 
enhancement of viral infectivity above the control levels 
compared to the C12-derived SDS (Table 1), 

Alkyl Disacchaxide Compounds 

Enhancement of the infectivity of the urothelium by 
adenovirus was also achieved with a 5-min pretreat- 
ment of the bladder with 0.1% w-dodecyl-i^-o-maltoside 
(DDM), which resulted in comolete transduction of the 
bladder epithelium with a 10^* vp dose of adenovirus 
(l^g. 3). DDM also enhanced urothelial infection at a 
lower dose of 10^ vp using a bladder retention time of 
IS min (Figs. 3A-3C). In these studies 100 jil of the 
pretreatment/vlrus solution was instilled intravesically 
in the bladder. To address the issue^ of the effects of 
physical parameters such as pressure and volume on 
the transduction efficiency, we performed additional 
studies with lowered reagent volume. The enhancement 
In adenovirus transduction efficiency was similar when 
the reagent volume was reduced to 50 yl (Fig. 3H). In 
vitro compatibility studies with 0,1% DDM showed that 
DDM did not affect the infectivity potential Of the 
adenovirus CTable 2). In vivo studies showed that the 
coformulated virus could transduce the bladdex effi- 



PretreatmGnc «igent 

0.1% Chlorpacdn WCS<90 (oxychlorosene) 

0.1% Chlorpacdn WCS-90 (okychlorosene) 

0.1% PolldciCanQl 

0.1% PoMdocanol 

0.1% n-Dodecyl-fs-o-maltDsitfe 

0.1% n-DocJecyl-&-D-malto5ide 

0.1% Sodium dodecyl julfaCe 

0.1% Sodium dodecy l ^utfate 



TABLE 2: In vitm compatfbillly of adenovirus with pretreatment agents 



Tempera cure 


vp/pfu 


25«C 


974 






25»C 


20 


37-C 


17 


lyc 


16 


37'C 


IS 


25"C 


np 


37''C 


np 



^ ^ , „„, .3 SHV ■ V Wft Wl 'Wp-I 

pfu radoi MIcatt ifMctivation of vtrui. np, no plaques deCMted. 
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Pr^atmentwith DDM 




10 min 



46fnln 



DDM co-formulatjon with adenovirus 




10 m\n 



nalnln, of bladder 




SWO"vp 
0^% OxychiemfiM 






FIC. S. Enhtnnmsnt *f urothelial trtlniductlon In the liladden nl teiuia >m>, oi^jj 

Insolation aid«iafbedor,derMater|,b"ndM^Od» X,!nSl^^^^ vvere prcUrated with tf,c indicatetf agent tallowed by vUui 

ai dcjoribed wider Matarl*!, and Med^od,. a^r^S,^^. ta. jS^Il!^^ "j** «nd3taJn*d wj*, X-gaJ 

H.«0I0^I e^^atlon of ..e .adder .H^^ ^^^JS'^^^^^,^ lluT^^^T^^^lTJl^t^^t^^^^^^^^ 
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ciently albeit after a longer retention time. Intravesical 
instilJatlon of the adenovirus (10'** vp) coformuJatcd 
with 0.1% DDM, when retained in the bladder for 20 
min, resulted in 70-80% transduction of uiothelium 
and .100% transduaion with retention for 45 min (Fig. 
4). Histopathological examination of the bladder 
shoAved that DDlvf was well tolerated when used alone 
or when coformulated with adenovirus. Miaoscopic 
examination of the P-galactosldase-stained sections of 
bJadder at higher magnifications showed that the 
adenovirus transduction was restricted to the urothelial 
layer and the cells of the inner layers were not 
transduced (Figs. 3D-3G). 

In studies in which DDM (Cl2) was compared with 
other ^kyl chain compounds (08-014),. maximum 
enhancement of adenoviral transduction was observed 
With rhe C12 compound (DDM) (Table I), Pretreatment 
of bladder with other dodecyJ disacchaildes such as 
cyclohexylhexyl-ts-D-tnaltoside or sucrose laurate under 
similar conditions also resulted in enhanced transduction 
of urothelium comparable to pretreatment with 0.1% 
DDM CrabJc 1). Pretreatment with both the .a- and the 
isomer of DDM resulted in similar levels of enhancement 
in the transduction of urothelium. Other compounds, 
such as phenyl glucoside and glycerol laurate, did not 
demonstrate significant activity (data not shown). 

Pretreatment studies were also performed in rats with 
oxy<^hlo^osene, DDM, and SDS, and the transduction 
Jevels of the urothelium with adenovirus were deter- 
mined OOg, 5). Pretreatment with 0.1% oxychloro.'sene 
resulted ln>90% transduction of the urothelium in many 
bladders, but we observed significant inconsistency in the 
transduction frequency of the urothelium, piesximably 
due to residual oxychloxosene in the bladder. In contrast 
complete and consistent transduction of the urotheUuni 
was achieved after pretreatment of the bladder with 0.1% 
DDM or SDS for only 5 min. 

Evaluatiora of Ixriitative Potential of Potential 
Preereatment Agents 

Microscopic examination of the bladders treated with 
either 0.1% DDM or SDS revealed that pretreatment with 
these agents did not significantly affect the integrity of 
the urothelial layer. We observed occasional cases of mild 
ulceration, neutrophil infiltration, or edema but they 
appeared to be a result of the physical Invasiveness of the 
catheterization procedure rather than due to the pretreat- 
ment agent. We observed no pretreatment-related deaths 
of the animals with either SDS or DDM. 

Electron Microscopy Studies 

We examined the urothelial surfaces of the bladders by 
electron microscopy (EM) to evaluate the ultrastmctural 
changes in DDM-treated or saline-treated bladders. A 
densely stained contiguous GAG layer of uniform thlck- 




nc. 6. eJeciron microscopy of urothelTal layer of moun bladder after DDM 
p^lrcatment. Caq on the urothelial surface following prelreatment with (A) 
sailne or (B) 0.1 % DOM. (O The InUci tight junction In ^Ifnc-lreated bladder 
and (D) the disrupted tight junction In O.l^fe DDM-pretreated bladder tns 
indicated by solid arraws. 



ness was evident over the urothelial cells in saline- 
pietreated bladders (Tig. 6a). This layer was separated 
from the outer leaflet of the plasma membrane by an 
electron-lucent layer. Tight junctions, characteristic of 
epithelial cell layers, were well maintained between 
contiguous urothelial cells, preventing ruthenium red 
penetration between the ceUs (Fig. 6C). In contrast, a 
distinct GAG layer was absent on the uiothelium of 
DDM-ptetreatEd bladders and had been replaced by a 
spongy, noncontiguous and weakly stained GAG layer 
(Fig. 6B). In addition, the electron-lucent layer was not 
apparent in many parts of the urothelial surface. Dis- 
ruption of tight Junctions was also seen along the surface 
in the DDM-pretreated bladder as visualized by the 
penetration of the ruthenium red stain (Fig. 6D). 

Discussion 

The urothelial plaques are thought to perform several 
functions, including a strong role In the establishment of 
a permeability barrier for both water and solutes. Over- 
lying this barrier Is the layer of GAG on the luminal 
surface of the bladder that must be circumvented first to 
pennit access to the urothelial surface for efficient trans- 
duction by viral vectors. The polyanlonic molecules of 
the GAG layer form a polar shield with the highly ordered 
water molecules bound to its surface, thus blocking access 
to the urothelium [25]. The abrogation of the GAG layer 
by organic agents such as ethanol and acetone is thought 
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to occur via their mucln-degiading action. Protamine 
sulfate, a mudn-degrading agent, has been shown eo 
disrupt the GAG layer through the formataon of tight 
ionic bonds between its quaternary amine groups and the 
sulfated GAG, which then displaces the ordered water 
molecules p(5]. Intravesical treatment with protamine 
sulfate and urea has been shown to lead to bladder 
epithelial desquamation, leading to the destruction of 
transitional ceUs (27]. Earlier studies have documented 
tlie use of several chemicals, including adds, organic 
agents, and detergeats. to attenuate or remove the GAG 
layer to improve access to the urothelial surface (19,20), 
Many agents were effective in breaking down the barrier, 
but often were irritating to the bladder at the effective 
concentrations. In the current study, several compounds 
have been identiHed that enhance the infecrion of the 
epithelial layer of the bladder by adenovirus and that are 
also well tolerated and could thus be potentially useful as 
pretreatment agents in humans. 

Surfactants are broadly classified by theii: moIecuJar 
and structural chemistry, charge, or behavior in solution. 
The block polymers, such as the polyoxyethylene, poJy^ 
oxypropylene copolymer (poloxamer) polyethylene 
monolaurate (Tween), contain alternating hydrophilic- 
hydrophoblc regions, which result In an almost even 
distribution of partial charges and in nonpolar interac- 
tions with solutes. The polar surfactants, such as DDM 
and SDS, consist of a hydrophlMc head and a hydro- 
phobic taJL The two portions are typically linked by a 
flexible ether bond that limits sterlc pressure during 
physical Interaction, There are several variations of this 
das? of surfactant that could affect the behavior of each 
chemical. The hydrophobic section of the molecule, 
generaUy an alkyl chain, can exist in a variety of lengths 
and can be either linear or branclied. 

The chemicals tested in this study for enhancing the 
infectivlty of ttdenoT^ms in vivo In bladder epithelial cells 
can be classified Into ineffective, medium, and strongly 
effective agents. Block copol>TneTS, including polymeric 
surfactants with alternating hydrophillc-hydrophoblc 
regions with short alkyl chains such as Triton X-100. were 
Ineffective. The alkyl (ether) alcohol-containing block 
copolymers showed intermediate effectiveness in enhanc- 
ing the transduction of the urothelium. The alkyl dis- 
accharides with well-separated hydrophillc and 
hydrophobic regions, such as DDM, were the most 
effective agents. Within this class of compounds, the 
carbon chain length of the hydrophobic group seems to 
have an important effect on the enhancement of adeno- 
viral transduction. Compounds containing a Cl2 alkyl 
chain (dodecyl) provided optimal effectiveness compared 
to those with a higher or lower number of carbon units. 
The effectiveness of the C12 alkyl chain (dodecyl) appears 
common between both disaccharlde and sulfate detergent 
classes. 



Ultrastructural examination of the urothelial surface 
revealed that complete removal of the GAG layer is 
apparently not essential for the efficient infection of the 
urothelium by adenovirus. As observed by EM, the GAG 
layer was not completely removed by 0. 1 % DDM pretreat- 
ment but had been replaced by a spongy noncontiguous 
layer, which may have provided access to the urothelial 
surface. 

Adenovimses are known to enter cells by receptor- 
mediated endocytosis that is initiated by the interaction 
of the knob of the fiber protein with a cell surface 
receptor called rhe coxsackievirus-adenovirus receptor 
(CAR) [281. Structural and functional studies have shown 
that CAR forms homodimers between molecules located 
on adjacent cells and serves as a cell-cell adhesion 
molecule [29 1. In polarized epithelial cells, the CAR is 
hidden beneath the tight junctions and not readily 
accessible for virus binding. Recent studies on the 
mechanism of adenovirus entry into polariaed epithe- 
lium, such as airway epithelial cells, have demonstrated 
the requirement for the disruption of the tight junctions 
to gain access to the CAR [30,31J. Sequestration of CAR in 
tight junctions may thus limit vims Infection across 
epithelial surfaces, including the urothelium, and the 
disruption of the tight junctions by the pretreatment 
agents could be an added component that permits 
efficient infection of the urothelium. DDM pretreatment 
resulted not only in the disruption of the GAG layer but 
also In the opening of the tight junctions. Thus, although 
the GAG layer was attenuated by DDM pretreatment, the 
opening of the tight junctions may have provided greater 
access of the CAR to adenovirus, resulting in enhanced 
transduction of the urothelium. 

The mechanism of transduction enhancement by the 
tested agents in the current study has not been unequiv- 
ocaay established. Additional studies to determine the 
mechanism of action of DDM are currently in progress. It is 
also possible that these agents may enhance transduction 
via a non-CAR-mediated mechanism, as has been postu- 
lated for Syn3, a compound idenelfied previously for the 
enhancement of adenovirus infection of bladder urothe- 
hum [21], This seems unlikely, however, since the com- 
pounds identified in the present study enhance the 
transduction of the urothelium by adenovirus even when 
they are used only as pretreatment agents and not be 
present during the virus infection process. 

Earlier studies with canarypox virus had shown 
significant differences in bladder epithelial transduction 
efficiencies following changes in the pressure and volume 
during intravesical instillation t23J. Our studies with 
lowered reagent/virus instillatton volume (SO fil instead 
of 100 \.tl) did not result in lowered transduction 
efficiencies. Indicating the absence of pressure- or voK 
ume-related effects on the infeciability of bladder epi- 
thelium by adenovirus. 
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rue ability to cofoimulate adenovinis with DDM 
pioviaes for flexlbUity to either pretieat the bladder or, if 
pTCfened. instil] the bladder simultaneously with a cofbr- 
mulation of vims and DDM. ODM may also facilitate the 
enhancement of transduction by other viral vector-medi- 
ated gene transfer to epithelial layers that are covered with 
GAG. A published toxicology iitudy has shown that DDM 
is well tolerated in mice, rats, dogs, and monkey5 when 
infused Intravenously at and above the concentrations 
that were used intravesically in our studies [32]. 

in summary, in the present study, we have shown that 
pietreatment of the bladder with DDM, Other dodecyl 
disaccharides, or SDS resulted in Improved adenoviral 
infection of the bladder urothel lum. These compounds are 
effective at low and apparently nonlrritating concentra- 
tions. The short pretreatment times, coupled with mini, 
raal cellular damage to the urothelial ceU layers, makes 
these agents attractive candidates for removal of potential 
barriers to adenoviral transduction in the bladder and 
possibly preferable to compounds currently employed in 
the field for a similar purpose. 

Materials and methods 

Chemical. Sodium OKychlorosene (Clorpaciln WCS-90; Guyrdlan Lal3o^ 
r«torics); DDM. sucrose monolau^iiie, cyclohexylhcxylHi-D^nalioslde. 
ctecyl-p-D-maUosidc, Triton X-100, Twcot 20 and BO, poiidoc^nol, SDS. 
and sodium dodecyl benzene sulfonic acid CSigma Chemicals); /Klodccyl- 
a-iMnaUosidc <Incftico Fhanm^cvutlali); Ci«iic shutUe (Qblogene); dehy- 
drated Alcohol (Specimm); tenayl alcohol CAIdrich); sodium teuad«cyl 
sulfate (Omiij^a); sodium dccyl wlTatc (Avaqa^o Chcmlals); poloafamers 
F69 and VXZ7 (DASI); Ottyl-p-o-inaitosidfl, c<id«ytp-o-m»ltoslde, and 
^^cyl-P-o-tnuUosid* (Anatrace) were die reagents employe in th« 

AdrntmrTBl construct. A rtpUcatlon-UlCOmpBtenl odttiOTlnn expressing 
l^galikctosldase (Adp-gal) wa« udiized as « marker »Uu» in thU study. It 
was derivtxl from an E1A» and BlMslated human adenovlnia typ^ 5 vinjs 
and oontftizied che laeZ rcporttr gene under ihc control of tha cyiotoe- 
galmriros eady piomoier. The adenOvinis v«a» •lepoDded In Z93 cclh and 
purified by chromatography. PutlHed vlnis concenEntlons were deter- 
mined m viral particles per mlUUIcar and infectlou;» particles by plaque 
away as described earlier ^4], The wmccntratlon ot the adeaavims 
prepaiaiion was 1 » lO" vp/njl Vnth a vp-lo-phi ratio of 22. 

PrctFcatment^gcnte^mpatibimy. For compaUbility shidles. 2.5 « 10'»vp 
of Ad^al Vims (vp/pfg; 22) was mixed wirii the spcdfled concentration 
Of the preiteaimenc agent and IncubAted at the iAduated temperature for 
I h dJter whldi the viabUliy of the vfnrt was determined by plaque assay 
as described earlier t24j. 

Gent TTansfcr sTutiies bt mice and rvti. Female Dalb/c mice and 
Spragui-Da^Icy r^ts were tj|«ed In these studies. All animals were 
housed accocdlnR lo imtitucto/liil n:guIaiiAn» for eiepefiiiicntal animals. 
Balb/c mice (apptOKimntcly 20 were anesthcdzed wjjh isofluranc, 
and a 24-sauge catherer was Introriuced ihroq^h the urethra in:o ihe 
bladder. The residual urine was emptied and tne bladder w,is Rushed 
three times wim 100 |J each of Pas employing n ZS-gauge needle 
ln«erfeci into die extemal end of the catheter. After the wajh, bladder 
pretresimcnt wa$ performed employing the various lest reagents as 
follows: Che pretreatment reagem was diluted to Che desired coiioen- 
tratlon in PBS, and the bladder was quickly rinsed twice with lOO ^1 



each of the reagent Alter ibe rinsing $t€ps, 100 »il of the pretreatment 
reagent was inuoduccd via the catheter and retained m ihc bladder for 
5 min. followed by an additional quick rinse with ihe pretreatment 
reagent. The bladder was then washijd three times wjUi 100 jil each of 
PBS. One huiKlred mlcrollleis of the p-gal-c3cpresslng adenovirus ^t the 
desired concentradon was administered ititraveslcally and tetal/tcd in 
the bLidder for ihe indicated time. Treatment *vas stopped by manual 
cirpcession of th« vims followed by a wash with PBS. Aitimals were 
perniitted to recover from aneslhesia. and bladders were h.westcd 49 h 
after (teatmcnt for evaluation of the cffba of the pretreatment agenl 
and the infection of the urothellum. Additionally, pretreatment and 
vinis Infection shidles were also performed ompIoyLng only 50 |il of 
the reagents instead of 300 jd. Other than die lowered reagent volumes 
Hi other piwedurcs were simfiar to tho^e of die 100 fd InstUlation 
studies. 

A similar prelreatmcnt and virus infection protocol was employed for 
studies with Sprqgue-Dawley mts wldi sonie modifications. Female 
Sprague-Dawley ralj (approxlmai«ly ZOO g) were anGsthetized with 
isoflurane and a 20-gauge catheter w«9 introduced 'thiouEh the urethra 
into the bladder. The volume of reagents used at each of the weshing, 
pretreatment, ana virus Infection steps was 400 ^1* 

0'GaIactosifiasc expression analysis. Animals were vuthanlaed 48 h 
aftet trcatmef>i, and bladders were filled with 100 ni of whole organ 
fbcjitive in situ (2% neutra [.buffered formMla 2% aluttiraldehyde, Z 
wiM MgCIa. 10 mM PBS. pH 7.4). The bladder was Immedlateiy 
removed and immersed \n whole organ fixative for i h. Thereoftcr, the 
bliiddcr was mrtsed longiiudinally. rinsed in wash buffer (2 mM M8Cl:u 

0. 2% Triton X-100) overnight at 4''C, and stained with X-gal stalninE 
soluiion (4 mM potassium ferro/fcrrlcyanlde, 1 mM VfgCla 0.S mg/raJ 
X-gal in PBS). Following gross ejcaminatlon of die bladder, trans- 
ductkan efficiency was estimated based upon the average percentage of 
the superficial urotheUtam cxhlbltlag X-gal staining in the liistologlcal 
sections ai dlRcrent le^^els and regions of the stained bladder. For 
histological examinadon of paraffin-embedded bladder. S-jim-thlck 
patamn sections of the X^gai stained bladder were cogntcistained with 
hematoxylin. 

Shctrmt mlerosa^. BladOer tissues were fixed In a aoludon «f 4% 
patafonnaldehytle, 2.5% ghitaraldchyde. and 0.1% ruthenium ted in 0.1 
M cacDdyiate buffer. Tlsnjes were gradually dehydrated find deaied with 
propylene oidde. The dsmes were then embedded In ^on/Araldlte and 
both thick Cglass knife) and uJtrarhin sections were Cut ODlatome diamond 
knife). Sections were placed on grids and stained with uranyi acetate 
followod by lead citrate ami examined on a PhUlps CM-EM. Images were 
captured on Kodak SO-lfi3 Him. 
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Vector 



Ad-LacZ'' 



Ad-LacZ 



Ar20-1004'' 



DDM 



.1 



100% 



100% 



122834 pg/mr 



0% 



0% 



6771 pg/mr 



Study Ref # 



*- Non-replicating Ad5 vector expressing P-gaiactosidasc 

- Oncolytic adenoviral vector expressing murine GMCSF 

- Level of mGMCSF in urine after 24 hrs 



P02-550-003-0019 



P05-014-0922 



P05-014-0955 



EXHIBIT D 



PA(X4»5S'RCVDAT2iai2007 6:35:22 PM [Eastern Standard Tiine]'SVR:USPTO{FX^^ 



02/08/2007 15:58 FAX 415 8362501 

Cancer Therapy; PrecHnical 



DLA PIPER US LLP 



@047 



CG0070, a Conditionally Replicating Granulocyte Macrophage 
Colony-Stimulating Factor- Armed Oncolytic Adenovirus 
for the Treatment of Bladder Cancer 

IMggarajan Ramesh, Ying Ge. David L Ennist, Mingzhu Zhu, Men/at Mina ShantW Ganesh 
P. Seshidh^r Reddy, and De-ChaoYu 



Abstract Purpose: The purpose of this study was to examine the tumor specificity, cytotoxicity, and gran- 
ulocyte macrophage colony-stimulating factor expression of CG0070. a condltfonally replicating 
oncolytic adenovirus, in human bladder trarwitional eell carcinama (TCC) cefi lines and determine 
rts antftumor efficacy In bladderTCC tumor models. 

Experimental Design: Virue yield and cyrotoxicity assays were used to- determine tumor speci- 
flciiy and virus replication-mediated cytotoxicity of CG0070 in a panel: of human bladderTCC cell 
lines and prfmary cells in w^.Two s.c. and one- orthotopic bladdeVTCC xenograft 'tumor models 
ware usedto assess antitumor activity of CG0070. . ' 

Results: In a matchod isogenic pair of cell lines with differing retinoblastoma (RbJ pathway 
status, CG0070 showed sdective Ela and granulocyte macrophage colony^stimuiating factor 
(GM-CSF) expression in Rb pathway -defective cells. CG0O70 replicated In Rb-defective blad- 
derTCC cell lines as efficiently aa swild-typa adenovirus but produced 100 -fold lass virus in normal 
human cells. CG0070 wee up to I.OOO-fold more cytotoxic In Rb pathway -defective bladder 
TCC ceris in conriparison with normal human cells. Amitgmor activity of CG0070 was shown in 
two bladderTCC s.c. xenograft tumor models following Intratumoral injections and intravesical 
treatment fn an orthotopic xenograft tumor model when compared with PBS treatment. 
Conclusions: In vitro and in vivo studies showed the selective replication, cytotoxicity^ GM-CSF 
production, and antitumor efficacy of CG0070 in several bladderTCC models, suggesting a 
potential utility of this oncolytic agent for the treatment of bfadder cancer. Further studies are 
warranted to show the role of human GM-CSF in the antitumor efficacy of CG0070 



Approximaicly 60,000 cases of urinary bladder cancer were 
diagnosed and - 12.000 patients died of the disease in 2004, 
Roughly 75% of patients are male, making bladder cancer the 
fourth most common cancer affecting U^. men (8th in 
women). More than 90% of bladder cancer cases are in die 
tx^nsitional urothelium and thus referred to as transitioittl cell 
carcinoma (TCC). Superficial bladder cancer has traditionally 
been treated by transumhral leseaion. Howetrer, patients with 
less differentiated large or mulUlocular bladder tumors and 
patients with caidnoma in situ or siagic T^ and T, bladder cancer 
are at high risk for tumor tecunrencc and development of 
musde-invasive disease or discant metastasis. In spite of early 
imervcntion with Badllus Calmetie-Cuerin and transuicihral 
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resection, the high recurrence rate of bladder cancer warrants 
the development of new therapeutic modalities (1). 

Viniscs that replicate selectively in tumor cells, leading to cell 
lysi$ and rdea«e of oncolytic viiioiu, are being developed 39 
biological anticancer agents (2-5). The advantage of condi- 
tionally replicating selective oncolytic adenovinises is that the 
vinjs replication in the tumor wiJl amplify the input virus 
potentially leading to spread of the virus throughout the tumor 
mass. Additionally, tumor antigens could be released from 
lysed tamor cells and systemic antitumor immune response 
may be induced to augment the oncolytic acthrity. Viruses ace 
either inherenUy capable of tumor-spedfic replication or tumor 
specificity can be generated through genetic manipulation of 
die viral genome. Of the many approaches to restrict viral 
replication to tumor cells, the use of human tumor-selective 
u^nacriptional regulatory dements in die control of key 
essential viral genes has gained immense aucntion (1). for 
adenovimses. (he early essential genes have been placed under 
the conucl of tumor-selective promoters 10 reatrici die virus 
rcpUcadon to target cells resulting in several tissue- or lumor- 
spedflc oncolytic agents (6-9). 

Retinoblastoma [Rb) pathway defects are found in the cells 
of most cancers, including bladder, head and neck, colon, 
prostaus, and melanoma (10). CC0070 is a conditionally 
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replicating oncolytic serotype 5 adenovirus (AdS) in which 
ihe human E2F-1 promoter, a Rb pathway -defeaive tumor- 
specific transcription regulatory clement (II, 12), drives escpres- 
Slon of the essential Ela viral genes lo restiia vir^l repUcation 
and cytotoxicity to Rb pathway-defective tumor cells, in 
addition, CG0070 encodes the cDNA for human granulocyte 
^ macrophage-colony stimulating factor (GM-CSF), a cytokine 
i<novra to be a potent inducer of specific, long-lasting 
anlilumor immunity in animal models (13). imder the control 
of the endogenous viral £3 promoter. Because the E3 promoter 
is aah^ated by £la gene product, both viral replication and 
CM-CSF gicpression may be ultimately under ibe control of the 
uimor-selectivt E2F.1 promoter Due to in iioi expression of 
GM-CSF, in addition to its direct oncolytic ePTea after Ipcal 
ln«tment, CC0070 may also induce sysiemic, tumor-specific 
immuniiy such dial uninfeaed local tumor as well as di$iant 
nimor metastases may be affected. * 

In the current smdy. the tumor selectivity, cyiotoxidty, and 
GM-CSF producUon and die antitumor cflicacy of CG0O7O have 
been evaluated in several bladder TCC models. In addition, the 
anUWmor synergy of CGO070 was evaluated in combination 
with dooetaxel in a bladder xenograft tumor model. 



Materials and Methods 

<kThi and cufturv ntsdiQ^S. BUdder TCC cell lines SW780 and TO, 
human cervical caidnoma cell line HeLa-S3, human embryo lung 
libroblan cell line Wi38, and the SV40 transformed. Rb-defecdve 
variant Wi3a-VA13 wcic obtained from American Type Culture 
CollBction (Manqwas, Va). AE1-2A is an adcnovlnis-c=omplementing 
ceU line (14) and was cultured in Richtcr's medhim coniaining $% 
hcaMnaoivatEd feral bovine senim. Bladder TCC cdl Unes 253jB-Vand 
UCU were kindly provided Ijy Colin Dinney (M.D. Anderson Cancer 
Center, Houston, IX). The primary human cdk included human aonie 
endoiheliaJ cells (hAEQ Cambrex BioWhiitaker, WaJkersville. MD) and 
normal human embryo lung fibroblasis (MRC-S, American Type 
Culture Colleaion). A clonal cell line, SW7S0-Luc was generated by 
slably transducing the human bladder TCC cell lini: SW780 widi a 
Icmivii^U vector coding for the luoferase gene produa under the control 
of the Cfiomegnlovlnu early gene promoter/enhancer. 

Vhus canstru^ion and ampliflcation. The large pUsmid containing 
The CG007P adenoviral genome with ihe designed alierations was 
consmicted a* follows: d shuide plasmid pDr20hGniF 'carrying ihc 
human GM-CSP gene Mill the laft end padcapng site {^) was generated 
finom recombination between plasraid pDRlF and pArl5pAE2fliGmF 
(IS, 16), Ihc donor plasmid pDr20hGmP was digested Mth Fspl/Sp^h 
The large fragment containing the human GM-CSF cDiMA was 
cotransfqimed into E. coli Bjsigs competent oells along with PacX/ 
Srf)- digested pAi5pAE2fF plasmid DNA to generate fiill-lenglh done 
by homoloeoua recombinatioii (17, Ifl). Smjl-digested full-length 
pbsmld was trangfecicd into AEl 2a cells using the UpofeoAMlNE-PJus 
reagent sysiem (Life Technologies, Rockvillc MD). The virus was 
amplified in roller bottles and purified by CsCl gradient ccntrifugaUon. 
Ar20-1004 is identical lO CG0070 except for iht presence of murine 
GM-CSF CDNA in the £3 region instead of the human GM-CSF cDNA. 
AraO-lOGl if identical to CG0070 excepi for die absence of CM-CSF 
cDNA in the E3 region. For large-scale preparations, die virus was 
ampHBed in HeLa-S3 ceils and purified by chromaiogtaphy, VifUa 
paitide titcn were determined eiiher spectrophotometrically Or by 
high-performance liquid chromatography as previously described (19). 
The infectious titers (plague-fomiing units) were determined in 293 
cells by plaque assay (7). 

C»B viabitity assay and virus yield assay. Cytotoxicity assays were 
done on bladder TCC cdt lines and nontumor celts using the Promega 
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CeUTitcr aqueous nonradioactive cell proliferation kit (Promega, 
Inc., Madison, WI). The data were analyzed using GraphPad Prism 4 
(San Diego, CA) analysis software. Tlie vinu yield assay was done as 
prcTioufily described (20). 

Ela niRMA, Ela esqsression was quantiutcd try reverse tiaiuaipdon- 
PCR on RMA isolated using RNAzol B (Tel-TEyr) as described earUer 
(21 ). The cxpreasion level of Ela for each vector was normalized to viral 
DKA copy number (hexon DNA copy number) dctemiined 4 houra 
postinfection as described eariier (22). 

GM-GSf expTEsslon, Duplicate wells of human bladder TCC cdl 
lines were infeaed al the indicated partide/cdi ratios for 24 hours. Cell 
supematanis were colleaed and human CM-CSF protein was quanti- 
tated fay LLISA (R&D Systems. Minneapolis. MN) Following ' die 
protocol of die vendor. The sensiUvity of the assay was 7.S pg/mL. 
Biological aCTfviTy of GM-CSF was measured in TP- 1 cells ta prcvioualy 
described (15). 

Efficacy Stttdies in ttimor models in nuO^ Tnice. Female NCR {nu/nit ) 
mice (4-6 weeks of pge; body weight of 18-30 g) were purchased from 
. Simonsen Labs (Cilroy, CA). Mice were injcned s.c in die right flank 
with 2x10* SW780 or 3S3J B-V ceUs in Matrigd (iniection volume of 
200 >iL). When rumors reached a mean nimor volume of ~ ISO mm^ 
Ivolume = [W^ X L) / 2; widdi; length, in cubic milUmeiC»i, 
animals [n - 10 per group) were randomly distributed into several 
treatment groups. 

The amhumor Syncigy of CG0070 in combination wiih doceiaxel 
was cvaluaied in SW780 s.c. xenograft mmor model. Monotherapy and 
cambinadon group received CG0a70 and docctajtel as indicated in the 
ilgure, 

IXimor volume was measured twice weekly for the duration of the 
study be^nning on day 1 . Body wdghl v.ras measured once per week for 
the duradon of Ihe study. Mice were euthanized if ihe tumor volim^e 
exceeded 2,000 inm» qr if ihcy lost >15% of ihrir iniual body weight 
Oidiotopie LumoiB were generated on the luminal surface of die 
bladder by intraveslcally instHUng human bladder TQC cdl line SW780- 
Luc Female NCR nude mice were anesthetized with iaoflurane and a 
24-gauge cadieterwos intnsduced through the ureihra into the bladdsr. 
The naldual urine was emptied and the bladder wa» flushed widi FB$, 
One-hundred mioolhers of a 0.1% B5;Jution of dodeqrl ^o-malroside 
were then Insiilled into the bladder Intravesically and retained for 
S minutes; after which, the bladder was waished with PBS, Dodecyi 
(i-ij-malioside treaimeni was followed by an intravesical treatment wtdi 
100 ML of 0,25% solution of trypsin for 10 minuica. SW7aD^Liic cells 
(I w 10** in BO jiL) were then admlninered intravesically and a puisc 
string suture was placed around die urethral opening. The pune suing 
v/as removed after 1 to 3 hours and die celts were allowed to drain. 

Two weeks following cell implanlarion, uimor-bearing mice were 
ancsdieuzed with Isoflurane and a 24-gauge catheter was introduced 
dimugh die uredira inio the bbidder. The residual urine was emptied 
and the bladder was ilushed with PBS. Seventy microlhen of a 0.1% 
solution of dodecyi P-o-maltosidc were then Instilled into ihe bladder 
Intravesically and retained for 5 minutes; after which, die bladder was 
washed widi PBS- CG0070 (3 x JO^viialpartidcs in 50 >iL) was admin- 
istered intravesically and retained in die bladder for 15 minutes. TVeat- 
mcnt was tenninatcd by wididcawing The virus and flushing die bladders 
widi PBS. Body weights were monitored weekly unUl die end of die 
suidy. At die conclusion of the in-life phase of die study, all animaU were 
eudianized and bladders were removed for histochemical analysis. 

Histopaiholasy and ImmujiahistodietTtistry. For hlstolo^c mmlna- 
don, the explantcd ntmort or bladders were fticed in 10% buffered 
formalin and then paraffin sections were cilhcr H&E stained or 
processed for immunohistochemical analysis and dicn counitotained. 
Antihuman cyiolccratin 20 AEl antibody staining to locate human TCC 
cdU and heron staining (13G9) to idenil/y areas of virus replication 
were done using die DAKO ARK kit (Carpenteria, CA) following die 
protocol of die manufaciunsr. Apoptotic cells were deteoed using Roche 
In Sim Cell Death Deiecdon Kii (Indianapolis, IN) following die 
instniciions of die manufoctuiier. 
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Statisticnl unafystE, SiaitoUcaJ tests were done using the GtaphPad 
Prism software (La jolla, CA). T\jkc/s tot was done on Iqgio- 
transfonrked data to test for flignificancc between the CG0070-trwied 
group and the PBS-injccted conirol in tumor model studies. 



Results 

Vitus structure. The genomic structure of the oncolytic 
adenoviral vector CG0070 is shown achcmaiically in Fig. lA. 
The human E2F-1 promotci; which provides tumor specificity 
to any downstream gene products, was doned in place of the 
endogenous £la promoter in the Ad5 backbone. To protect 
from transcriptional read-lhrough activaling Ela expression, a 
SV40 polyadenylauon signal was in$€rted 5' of the E2F-1 pro- 
moicr. CG0070 inchides the entire wild-type E3 region e?ccept 
for the gplOkD-coding region. In pUce of the gplSkD gene, 
CG0070 carries the cDNA for human GM-CSF under the 
control of the E3 promoter. The rest of the viral vector badt- 
bone, including packaging signal. Ml, E4. late proidn re^ons, 
and invened terminal repeat^, is identical to the wild-type Ad5 
genome. An altemaie oncolydc adenovirus constructed, Ar20- 
1O04. is idcndcal to CG0070 except that it carries the cDNa for 
murine rather than human GM-CSP. 

Rb status "dependent esepression and virus replication. 
Measuring gene expression of CG0070 in cells with normal nnd 
defective Rb pathways provides a good measure of the Rb .status 
dependence of the ElF-l promoter and the SKleaivlty of 
CG0070. A matched isogenic pair of cell lines, Wi38 and Wi38- 



VA13, which differed in their Rb paihway status, was compared 
for the ability to support CG0070 function as measured by 
expression levels of Ela and GM-CSF. Wi38«VA13 is an SV40- 
transformed cqll derived from Wi38 in which die SV/IO 
T antigen has disnapled the pRb-E2F pathway, resuldng in 
high levels of free E2F transcription factor. The deregulation of 
the Rb pathway and up-regulaticn of the endogenous E2F-1 
gene expression have been shown earlier in Wi3S-VAi3 cell line 
(21). The Ela mRNA level 24 hours after infecdon was assessed 
by quantitauve PGR and the data were normalized to the 
number of Ad genome copies determined by hexon DNA levels 
4 hours postinfeaion (Fig. 1 B). FoUowing infection with 1,000 
particles per cell, an average of 2.19 x lo^ copies of EIA mRNA 
was observed in Wl3a cells in comparison with 911 copies m 
W138-VA13 cells. A separate experiment in this cell line pair 
showed the dependence of GM-CSF production on a defecthre 
Rb pathway (Fig. IB). One-thousand-fbld more GM-CSF was 
measured In CG0070-infected Wi38-VA13 ceils than in Wi38 
cells. Hiese results showed that the human E2F-1 promoter in 
CG0070 is capable of selectively regulating adenoviral Ela gene 
transcription and downMrcara E3 promoter- controlled human 
GM-CSF expression in Rb pathway -defecuvc cells. 

Following adenovirus infecdon of the target cells, the amount 
of virus produced reflects numerous processes, including the 
ability of a particular cell type lo be infected, to transacilvate 
promoters, to replicate the virus, and to carry out other complex 
activiues. The production of CG0070 virus in human bladder 
TCC cell lines (Rb pathway defective) and human normal cells 



Stmcturaof CG0070andsd8ctfvBe3fpr«*5»onof 
ganes. A schcmatiD dlflgram of CG0070 and wBd-type AdS. 
CG0070 iE baaftd oh Ad5 whardn iho endogenous Elo 
proniotaf and E3 ginSft D-eodha roQion hwt bcop replaced 
by ih» hvmDn E2F-1 premotv and n cQNA coding region 
of human <SIVJ-CSF, raapacdvely, Complatfl seenionctng of 
CGDD70 WM done to confirm viral ofenomic DNA 
socwencB. ViMl particre/jpfaqu^-lomMng unh ^axiov of tha 
virus kiu vsDd rn this smdy was below sa A fielBcdve £19 
gene uanaoi^pilpn and GM-c:5F production In noimar 
human embryo lung fJbrobtast WS3a ceh and ths 
SV40-transfom>odWi3a-VAT3 celte. a, aeldctivo E1a gana 
iransi7^Dn.Wi38 (normal Rb pathway) andWl3e«>VA13 
• (defactlvii Hb palhwayOi \ P < 0.01. Ela RNA in WI3a-VA»3 
vcTsua Ela RNA in W3B iWcclcd whh the swne vcewr 
(r w$ix b, sefecuve GIVI-CSF produciioa Lovals of human 
GM-CSF (fiGM-CSF) secmted by WiSa flndWf3B-VAl3 
cBii? (100 panlejas ppr Gall) ware determined m 24 hours 
by EUSA. P < 0.01, hunurn GM-CSF lewH in infected 
WiSS-VAia ceik venws infeciadWiSS cells. 
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(Rb positive) was compared Vrith that of ^Id-type adenovirus 
Ad5. CG0070 replicated in the Rb pathway- defective human 
bladderTCC cell lines Rr4, SW7B0, UC14, and 253J B-V cells as 
efficiently as wild-type adenovirus Ad5, producing similaT levels 
of progeny viru^ (3,000-9.000 plaque-forming units per cell), 
bm was highly anenuaied 100-fold) in Rb-posiiive normal 
human cells including MRC-5 fibroblasis and hAEC priitiaiy 
aortic endothelial cells (Fig. 2A). CC0070 produced >2 log more 
progeny vims in ihe bladder TCC cell lines in comparison v/ith 
primary cells. Under similar conditions, wild^type AdS pro^ 
duced similar levels of progeny virus in both rumor and primaiy 
c^IIk. 

Cytoxo^dkf in vilro. Another measure of the effeaiveness of 
an oncolytic virus such as CG0070 is the ability to lyse tumor 
cells preferentially compared with normal or primary cells. 
Because CC0070 15 designed 10 replicate preferentially in tumor 
cells ihai have a defeaive Rb pathw^iy, tumor and normal cell 
lines were chostn based on this charanerislic, and die cytotoxic 
efFecis of CC0070 in these cells were quantified. A panel of 
human Rb pathway -defective bladder TCC cell lines and 
normal human cells were infected with CG0070 at various 
mvftlplidties of infecdon (MOI). The cytotoxicity results, as 
assessed by the [3-f4.5'diinediyhhiazol-2.yl).3.(3-carbQxyme- 
thoxyphcnyl)-2-(4-suIfophenyl)-2H-tctrazolium] assay (a quan- 
titative cell viability assay), show that CG0070 is cytotoxic in 
the human bladder TCC cell lines CKr4,SW780, andUC14) but 
is highly attenuated in nonnal human cells (MRC-5 and hAEC; 
Fig. 28). By day 10 following infection with 1 MOl of CG0O7O. 
for example, the viability of bladderTCC cell lines were reduced 
to 10% to 20% in comparison with >95^ viability of normal 
cells. The viability of die cell lines was reduced to similar levels 
when infected with 100- to 1,000-fold lower levels of wild-tvDC 
Ad5 (9). 

CM'CSF expression in bladder TCC celh. To measura the 
amount of human CM-CSF expression by CC0070, bladder 
TCC cell lines and primary cells vrae infeaed with the vims at 
three different MOls (viral parddes per cell). Supematanis were 
collected 24 hours later and the total amount of GM-CSF 
protein expressed was quantified by ELISA. A general dose- 
response for CM-CSF expressinn was seen in all of the cell types 
tested (Table i). The lev«J of,CM-CSF laqjresslon varied <3-fold 



Table 1. Production of GM-CSF in CG0070-mfected 
bladder TCC cells 

Cdl line Viral particles/cel| ELISA (ng/IO^ CBir5/24 h) 


ni ^ 


1,000 


1,457 + 60 




100 


381 ±8 




10 


40 ±2 


UC14 


IrOOO 


2,B07 ± 146 




100 


S92 ± 11 




10 


114 ± 3 


SW7B0 


1.000 


3.B53 ± 245 




100 


707 ± 16 ^ 




10 


214 ±7 


253 J B-V 


tODO 


1,4921101 




100 


934 ± 67 




10 


153 ±2 


MRC-5 


1.000 


85 ±18 




100 


24+0.3 




10 


1.5 ± 0.02 


NOTE: BJSA ^9 represariK xhp meon ± SD erf raplcgto wbIb in ih« units of 



among the CG0070-inf€cted bladder tumor cell Ifncs at eagh 
MOI. However, significant differences in rhe level of GM-CSF 
expression were seen between the TCC cell lines and ihcnoimal 
lung fibroblast cell MRC-5. For example at an MOl of 1,000, 
the amount of GM-CSF protein expressed In MRC-5 cdl was 
17- to 45-fold lower than that expressed in TCC ceD lines. The 
difierence in CM-CSF eseprcssion was even greater at MOl of 10, 
wher« 30" to 140-lbld more protein was expjnesscd in TCC cell 
lines than in MRC-5. A bioassay for GM-CSF showed that the 
CM-CSF expressed in the bladder TCC cells w^s biologically 
acUvc as ixidgcd by its effea on proliferating TF^i cells (data not 
Shown). 

Antitumor efficacy in xenograft tumor models. The antitumor 
efficacy of CG0070 as a monotherapy was evaluated in two s.c 
xenograft bladder TCC tumor n^odels. Sx. tumors of bladder 
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R9> 2. C60070 ^rus visid and ^lotoxfcitv- 
A pmdurfon of CGOCTTO «nd wfld-iype Ad5 in 
human bladderTCC and normal hum w ceb. 
MondavcfS oF 29a human bbddarTCc cdf lines 
(HT4. SV/7B0, UC14, and 253J B^Vcek), and 
ftoimoi human calls (MflC-5 fibrobbTts ^nd hAEC 
aortic endothplinl gbIe) wqk Wfcctad wirii eiihCT 
CG0070 or AdS ai an MOI of 2 j^laque-fbTmffig unhs 
par cell. Tha cells were harvested at 72 hour* ^ftcr 
■nfection and viral diers wera detemilnod iry plaque 
auav on 2S3 ccfc-TTie Marago of dupncaus liters 
trxm two indflpend^t exparimertis was dBtBrmir»ed 
and nartn^jizad to tftars b 293 csIIb. & vbbillty of 
calfs aftar inftedon with OG0070, Human bladder 
TCC ceHs (RT4, SW7fia and Ua4) wtd human 
pnmarv cells (hAEC aortb ando^hdial cafls and 
MRC-5 lungfibrobbijte) vwre infected with 
CG0Cf?O ai various WOJs (pbqgo-formine units per 
cell). Ceil vlabiliiv was dctormtned ai davTO afier 
Cnfaemn and cxpmnad as m pcrcoma^a 6t the 
iinirifcctcd comrol. 
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TCC cell line 253) B-V were esiabfishcd in nude mice and were 
injected with three different does levels of CC0070 as indicaced 
in the legend to Kig. 3A. Sienificant antitumor efficacy was 
observed following intratumoral injection of five d0SC3 of 
CC0070 at a concentration of 3 x io'° viral partidcs per dose 
[P < 0.0001) as well as the rwo lower doses of 3 x 10' and 
3 X 10* viral panicles per dose {P < 0.000 compared with 
PBS-injcctcd mmora. By day 60, the saline-treated lumois had 
increased 10.6-fold in volume whereas the CG0070-treatecl 
tumors at a concentration of 3 x lO^^ viral particles per 
dose decreased in tumor size to B$% of the day 1 volume. 
At doses of 3 X 10^ and 3 x 10^ viral particles per injection, 
the mean tumor volume remained at the day 1 level until 
approsdmgtely day 43, then slowly increased to -2-fold Jn 
volume by day (50. Significant diflerences in efficacy could not 
be observed between the three concentrations of vims that 
were employed in this smdy. No significant difference in body 
weight gain was evident between the control and treatment 
groups (data not shown). Mice treated with CC0070 at the 
highest dose showed complete mmor regressions in half of 
the treated animals (5 of 10) compared ivith mice treated with 
PBS (0 of 10). 



The antitumor efficacy of CG0070 was also evaluated in s.c 
SW780 bladder TCC tumor model. Significant inhibition in 
tumor growth was observed following five intratumoral 
injcaions of 3 x 10'° viral partidcs per hijecdon of CG0070 
(Fig. 3B). By day 28. on average the PBS-treated tumors 
increased 12-fbld in voltune from day 1 whereas the CG0070- 
treated tumors increased only 1.4-fold. The PBS-treated tumors 
showed an average tumor growth rate of 59.0 nun^/d at day 28 
whereas the CG0070-treated tumors showed an average tumor 
growth rate of only 1.9 mm^/d at the same time point repre- 
senting a 96% inhibition of tumor growth rate (P < 0.005). 
Body weight and weight gain were generally tmafiected in all 
the treatment groups (data not shown). 

Virus infection and vinis-mediated apoptosis within the 
tumor following intratumoral injection of CG0070 were 
monitored by immunohistochemical staining (Pig. 3C). Tlie 
human SW780 tumor cells in the xenograft were identified 
following staining with antihuman cytokeratin 20 antibody. 
Virus replication^ detected by staining for adenoviral hexon 
protein within the tumor mass explanted at different time 
points, showed significant staining for the presence of 
adenofviius 2 days following the final vims injection (day 12; 
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dau not shown). SubsiantiaJ staining for hexon protein could 
be observed 12 days follovsring the final virus injection (day 22) 
within the tu/nor mass. Less extensive but still demonstrable 
hexon staining was observed as late as day ID, which suggested 
that virus replication persisted for a prolonged period after vims 
injection (data not shown}. Apopiosiii associated with viral 
replication within the lumor mass was vtsuailacd as described 
in Materials and Methods. Apqptotic cell staining was observed 
in successive sections of tumors collected on day 22, over- 
lapping with hexon staining, suggesUng ihat ;ipoptoiic activity 
was centered in regions of vir^il replica u on, 

The antitumor activity of CG0070 was further evaluated in an 
orthotopic bladder TCC model that more closely n$^bles the 



actual treatment setting in paiienis. Female NCR nude mice 
bearing orthotopic SW780-Luc bladder tumors received sue 
intravesical doses of CG0070 (3 x lo'° viraJ particles per dose 
in a 50-fiL dosing volume} either once weekly for 6 consecutive 
weeks or twice weekly for 3 consecutive weeks. Based on tumor 
imaging in jffu, all of the tumors in the PBS-treated group 
(n = 8) increased in size compared with the baseline except one 
animal in which the tumor did not grow (Fig. 4A). In the 
CG0070 treatment group (one dos^wk), in situ tumor imaging 
showed that four of nine animals were tumor-free by day 42 
following the initiation of treamient (Fig. 48). The tumor in 
one animal increased In si^ie, three animals were euthanized 
with a large lumor burden, and one animal was found dead in 
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the cage due, presumably to the large tumor as recorded by 
prior imaging data, [n contrast, five of eight animals in the 
CG0070 treatment group (2 doses/wk) were tumor-free by day 
32 following the initiation of treaiment (Fig. 4C). Hie tumor of 
one animal had decreased in size (dropping from 1.45 x lo^ to 
5.71 x: 10^ photon count); that of another was Stable in size; 
and one animal was eudianized with a large tumor burden on 
day 23. Immunohisiochemica! evaluation of the bladder 
sections confirmed the absence of tumor cells in CG0070- 
tieated mice (five of eight In 2 dOSes/wk group and four of nine 
in 1 dose/wk group) deemed tumor-free by in vivo imaging 
(data not shown). Replication of virus in orthotopic tumor 
following intravesical treatment with CG0070 was shown by 
staining for hexon in histologic sections of bladder that were 
explanied 34 hours following virus treatment (Fig. 4D). 

Several studies h^ve shown the utility of docetaxel as a 
tnonotherapy and in combination with other diemoiherapcu- 
tic agents in the treatment of n^etastatic bladder cancer (23, 24). 
Hence, the antitumor efficacy of Ai20'1004 in combination 
with docetaxel was assessed in the SW730 Jtenograft tumor 
model Ar20-1004, which encodes murine GM-CSF but is 
oiheiwise identical lo CG007a was used in this sffifdy and is 
considered to be a murine homologue of CG0070, Animals 
Wilh s.c. SW780 tumora were treated with At20-1004 alone, 
docetaxel alone, or both agents, A sign) Fi cam decrease in tumor 
volume between control and all of the ueaimeni groups (i' < 
0.0001) was evident (Fig. 5). The PBS control group showed 
an average tumor growth rate of Z5 ± 2.8 mm^/d. Significant 
differences in efficacy were observed between the combination 
and monotherapy treatment groups (P < 0.03) with xhe highest 
antitiimor efficacy obtained in the Gombinadon treatment in 
comparison with the monodierapy groups, the Ar20-1004 and 
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docetaxel monotherapy groups sliowed an average growth rate 
of 7.0 ± 1,6 and 5.3 ± 0.79 mm^d, respectively, by day 37. 
in contrast^ tumor volumes In mice treated with A^20'1004 
and docetascel combination had regressed by the same time 
point ejdiibitang an average tumor growth rate of -0.78 ± 
0.35 mmVd. Table 2 summarizes relative tumor volume of 
control and treated groups on four different time points. 
Analysis on fractionated ttmior voltmie indicated a synergistic 
effea between Ar20-1004 and docetanel in this study (Table 2). 
On day 20, there was 1.35-fold improvcmeni in antitumor 
aaivity in the combination group when compared with the 
expeaed addiiive dfetit. By day 37, the average tumor volume 
in Ar20-1004- or docetaxel-treated mice increased further 
compared with the tumor volumes in mice treated \^th both 
agents. The tumor growth inhibition in the combination 
treatment group v^r^s 3.3-fbId higher over an additive effect 
following treatment vdth either agent alone. 

Discussion 

Rb pathway defects are found in a majority of tumors, 
Including TCC of bladder. Altered pRb (absent pRb or mutated 
pRb) tycpression has been associated wiih bladder cancer 
progression and. patients with bladder tumors that have altered 
pRb protein products are at a high risk of recurrence and 
death (25). In some patients, overexpression of pRb has been 
observed in bladder ttimors and has been suggested to be 
indicative of dysfunctional Rb status through upstream changes 
in the cell cydc pathway invohdng Rb phosphoiylanon leading 
to functional inactivation of pRb (26). Deledon of pl6, 
a key protein in the Rb padiway, has been reported in 30% 
to 70% of TCC and is found in all tumor stages and grades. 
Furthennore; abnormalides of pl(S arc reponed 10 be a poor 
prognostic marker associated wllli a liigh rate of recurrence in 
patients with superficial TCC of the bladder (27). Because 
tumor cells do not uaually develop both Rb and pl6 mutations, 
the additive prevalence of Rb and pi 6 gene mmations results 
in nearly uniform inaaivation of the Rb pathway in TCC of the 
bladder (28). 

CG0070 is a conditionally replicating oncolytic Ad5 adeno- 
virus designed to preferentially replicate in and kill cancer cells. 
Tumor selectivity of CC0070 is based on the use of the E2F-1 
promoter to control viral replication. The E2F-1 promoter 
mediated trar^sgene expression has been previotisly shown to 
be selective in Rb pathway -defective tumor celb (15, 16). In 
this contimunication, we have examined the Rb status depen- 
dence of gene expression of CG007Q and its poienUal 
application in the treatment of bladder TCC. In intjv studies 
showed that following infection with CG0070, 100 times more 
Ela mRNA and 1,000 times more GM-CSF were detected in 
die Rb pathway- defective cells compared with normal cells. 
This suggested tixat the expression of Ela gene in CG0O7O, 
which is under the control of the C2F-1 promoter, as well as 
the transgene in the E3 region Is highly dependent on the Rb 
statua of the cells. Further, viral replication and cytotoxicity of 
CG0070 were significantly enhanced in Rb pathway- defective 
cells. In Rb pathway -defeaive bladder TCC cells, CG0070 
produces >1 00-fold more viruses in rumor cells in comparison 
with the normal cells. CC0070 Is highly cytotoxic to the 
bladder tumor cells with minimal cytolysis of nonnal cells. 
Even when ihe tumor cells are infected with CG007Q at an MOl 
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Tabid 2- Combination treatmem with Ar20-1004 aitd docetaxel 

SD- Ar20-lO04 DocBta»el FTV relative to umreated controls ' combwatten treatmwt Ratio of e«perted FTV/observadFTV ' 
Expected^ Observed 



IS 0.409 0.377 

22 0-263 a205 

29 0.282 0.243 

37 0.446 0.371 



0.129 

a055 f? 
0.0^9 
0.1 6S 



a232 
0.1 05 
0.051 
0.O5O 



0.556 
0.524 
1.353 
3.300 



'Study day afier r>nt treatmanii urilh the virus. 

T Fractional lumDr vohims (FTV) calculatDd as mean lumor vohime tttpetlmcntaf/mBBn lumor vcftima comwjl 
^Mean RVof Ajr20-1004 x mean PTVof docoraxBS 

(Obtained by dividifYe the npected FTV by iho observed FTV. A rBtio of »1 Indkoics a Eynergifitlc eftca and a rado oT <1 



indicatBa a less than addilive effect. 



of 1, aJmost all ihe cells are lysed by day 10 following infection, 
compared wiih minimal cell idUing observed with CG0070 in 
primary cells such as MRC5 and hAEC even at an MOJ of 10. 
In vivo studies wid) CG0070 showed the strong antitumor 
acuvity of the virus in bladder TCC xenograft tumor models 
and showed significant antitumor synergy when combined 
vwlh the chemoihcrapeutic agent dooetaxd. Previous studies 
with E2F-i promoter- controlled oncolytic adenovinises have 
shown similar tumor cell specifidty and cyU»toxidty in vitro in 
Rb pathway -dcfecthre ceils in comparison with normal cells 
(15, 16, 31, 2% 30), in addition, these vrnises showed 
significant antitumor efficacy in several s.c. xenograft tumor 
models in mice. Several genomic structural features distinguish 
CC0070 from these E2F.1 controUed viruses including die 
absence of an endogenous Ela promoter, indusion of a SV40 
Poly(A) sequence y to the padcaging signal lo avoW any non- 
fipedfic transcriptional Initiation, which may incr&se specific- 
ity, unchanged location of the packaging signal with respect lo 
the wild-type Ads virus to ?»void potential recombinants, and 
inclusion of the CM-CSF cransgene in (he E5 gpl9kD posUloii 
under the control of the E3 promoter. 

CC0070 is also intended to selectively produce CM^CSF in 
Rb pathway -defective tumor cells due to die dependence of the 
E3 promoter that drives GM-CSF ejcpression on traiwactivation 
by £1A. CG0070-mediated GM-CSF expression was observed in 
all bladder TCC cell lines examined. At 100 viral particles per 
cell or higher, pnaduction of biologically active GM-CSF 
exceeded 40 ng/mL/lo^ ceIls/24 h (Tabic l), a level that 
Dranoir et al. (13) repon as suffident to induce potent long* 
lasting antitumor immunity In in vivo tumor vaccination 
models. Therefore, CG0070 has the potential to produce GM- 
CSP in quantities prediaed lo be therapeutic TTie antitumor 
effects observed in the present study arc likdy entirely due to 
the oncolytic activity of CG0070 because the human GM-CSF 
encoded by this virus is not biologically sKlive in mice (31). 
Optimal demonstration of enhancement of antitumor 
responses by ueaimcnt witii CG0070 would nccessitai* testing 
the veaoTs in immunocompetent animal modds witii Ar20- 
1004, which carries tiie mouse GM-CSF transgene. Neverdie- 
less, in the absence of a robust immunocompeleni murine 
animal model, snidies in immune-defideni nud^iraice have 
shown that an oncolytic adenovirus similar to CG0070, but 
expressing murine GM-CSF instead of human GM-CSF, 
enhances antitumor activity in comparison with the parental 
non-GM-CSF-expreaaing vector, presumably through the 



activation of irmate immune responses that are maintained in 
nude ntice (15, 16). liistochemical examination of the virus- 
injcaed tumors showed that both vectors induced necrosis and 
mononuclear cdl infiltration into the ttimor but only the 
mmine GM-CSF-ejq>ressing adenovinis resulted in eosinophil 
infiliration. Similar mononudear cell infiltrations were ob- 
served following intravesical treatment of bladder of immuno- 
compeienx mice only with Ar20.1004 but with an identical 
Vitus to Ar20-1004 tiiat does not encode tiie CM-CSF iransecne 
(data not shown). It is anUdpated that CC0070 will have 
greater efficaty in immtmocompetent humana wherein the 
GM-CSF expressed by the virus has the potential to activate an 
Immunologically spedfic antitumor immune response. 

Intravesical administration of a therapeutic agent wotdd 
greatly assist in maximizing the drug delivery to the tai^t 
tumor tissue with minimum distribution to the vtial organs 
outside of the bladder. Hence, bladder cancer has been treated 
traditronally through the intravesical instillation of tiierapeutic 
agents such as Bacillus Calmette-Cucrin, chemothcrapeutic 
agents, and gene tiicrapcutic agents. Local ddivciy of an armed 
Oncolytic adcnovirtis in the bladder would allow for efiident 
infection of the supeifidal tumors by adenovirus without 
significant systemic exposure and thus restrict the tmnsgene 
ejipiessioA Irom the Infected tumor cells wherein the vims 
replicates with minimal overall drculating levels of the trans> 
gene. In addition to the antitumor efficacy obsoved in s.c 
xenograft tumor models with CGD070 either as a single agent 
or in combination with docetaxel, restjlts from die studies done 
in the orthotopic tumor modd in nude mice showed the 
aniitumor potential of CC0070 in a modd ureaunent setting. 
Two phase T trials have been done with nonrepHcating 
adenovims-based veaois thai show the relative safety and 
feasibility of intravesical instillation of virus (32, 33), One of 
the limiting factors in these phase 1 trials for tiie treatment of 
bladder cancer has been the low infecrivhy of the bladder 
epitiiclium witii adenovinis vector* due to the barrier imposed 
by tiie polyanionic glycosaminoglycan layer (34, 33). Pietrcat- 
ment of the bladder with the transduction enhancement agents 
such as Syn3 and dodccjrt ^o-maltoside may enhance the 
infeaivity of adenovirus in tumors witii consequently Im- 
proved dinical efficacy (36, 37). 

Immunotherapy with Dadllus Calmette-Guerin, delivered 
intravesically into the bladder, results in a massive local 
immune response characterized by die induaion of proin- 
flammatoiy cytokines in the urine and in bladder tissue (3S). 
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Studies in Jmmunocompctcni muring; models have shown the 
role of different lymphocyte subpopulations in the antitumor 
activity of Bacillus Calmene-Guerin. Under nomial conditions, 
very few leukocytes can be detected in the suburotheliaJ suoma 
of the bladder following Sadllus Calmetie-Guerin instillation; 
significant influjc of various leukocyxe subpopulalions and 
chemokin€3 is thoueht to probably contribute to theaniitumor 
effect An oncolytic virus expressing GM-CSF may be particu- 
larly e/Teaive in eliciting such a response because the cell death 
rcaulting from virus replication will release tumor antigens that 
will then induce a GM-CSF-mcdiated iimnunc response. 

In summary, we have shown thai the E2FA promoter in 
CC0070 Ufihdy controls the expression of viral Ela gene and 
GM-CSF, resulting in high lum or selectivity of CG0070 towards 
Rb pathway -defective bladder TCC cells. Production of biol- 
ogically aaive GM-CSF is induced in a dose-related fashion at 



levels known to stimulate antitumor immuniiy in the tumor 
vaccine sctUng. Significant antitumor efficacy has been shown 
in two s.c xenograft bladder TCC tumor models and an 
orthotopic TCC tumor modd in mice as a monotheiapy and in 
combination with docctaxel in one xenograft tumor model. 
These m vitro and in viuo findings show the strong antitumor 
activity of armed oncolytic adenovirus CG007O and support its 
evaluadon for the treatment of bladder cancer in humans. 
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